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Abstract 
Diamond-like Carbon (DLC) film has the ability to change the refractive index (n) value achieved high transmittance for 
potential applications of antireflection coating. The DLC films were coated onto D263T glass substrates at room temperature by 
radio frequency (RF) magnetron sputtering method. From the results of UV/VIS spectrophotometer analysis of single-layer DLC 
film, which shows an absorption wavelength (Ȝ) ranged from 380 nm to 950 nm, the average reflectance of the film is 12.66 % 
with the deposition time of 3 hrs. It was found that DLC film with high transmittance was due to the highest ID/IG ratio of 1.71. 
PACS: 68.55.-a; 78.67.Wj; 81.05.uj 
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1. Introduction  
One of the crucial problems in solar cells is that a significant part of the incident light is reflected to limit the 
efficiency of such devices. To important ways of minimizing this detrimental effect and subsequently improved the 
characteristics is to reduce of the reflectance with an appropriate thin film coating [1]. The properties of diamond-
like carbon (DLC) films could be varied between those of diamond (sp3 bonding) and those of graphite (sp2 
bonding). It could be wide-spreading applied as anti-reflection films and protective coatings due to its’ high 
mechanical hardness and low coefficient of friction [2-3]. The DLC films could be formed by various physical and 
chemical vapor deposition methods such as pulsed laser deposition and radio frequency plasma assisted deposition 
[4]. RF unbalanced magnetron sputtering has been used in this work due to the advantages including room 
temperature, large area, and uniformity during deposition processes. 
Further, the purpose of this study is to deposit hydrogen-free DLC coatings on D263T glass substrates with 
controlled parameters such as working pressure and deposition time. The corresponding microstructure, optical and 
mechanical properties of DLC films will be discussed below. 
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2. Experimental
The hydrogen-free diamond-like carbon (DLC) thin films were deposited on the D263T glass substrates at room 
temperature by unbalanced magnetron sputtering system with a diamond powder target. The examination of D263T 
glass substrates were used in order to ascertain its I /ID G ratio, reflectance, and surface roughness under various 
parameters of working pressure as well as deposition time. The coating parameters of DLC films were listed in 
Table 1. The surface morphology and structure bonding of the DLC films under different growth parameters were 
examined by SEM, AFM, and Raman Spectrum, respectively. The corresponding optical properties of DLC films 
were measured by using a UV/VIS/IR spectrometer. 
Table 1. Experimental parameters were used for the DLC coating by unbalanced magnetron sputtering system. 
Experiment no. RF power( W ) Working pressure(mTorr) Deposition time( hour ) 
1 150 5 3 
2 150 5 4 
3 175 5 3 
4 150 1.5 3 
3. Results and discussion 
3.1. Raman spectrum analysis 
From Raman spectra of DLC film indicate a high strength bonding  in similar to  hardened carbon films. The 
single Raman peak at 1580 cm-1 indicates the DLC films contain the highly crystalline graphite. A peak located at 
1350 cm-1 3 is attributed to micro-crystalline with disordered sp  sites graphite [5]. The I /ID G ratio of DLC films was 
calculated by two Gaussian fitting peaks in Raman spectra. The high I /ID G ratio of 1.72 was obtained at RF power of 
150 W and with deposition time for 3 hrs. The typical DLC films with main spectral feature including D and G 
bands observed at 1368 cmí1 and 1592 cmí1, respectively. However, all D (disordered) band peaks in this work 
between 1368 cm-1 and 1373 cm-1 have been appeared to shift to the high wave number due to the low sp3 content [6] 
as shown in Fig. 1. 
 
Fig.  1. Raman spectra of the DLC films deposited with various RF powers and deposition times (with Gaussian fitting of D and G peaks) 
3.2. Microstructure and Mechanical properties Analysis 
The variations in the mechanical properties of the DLC films by unbalanced magnetron sputtering process 
include micrography, roughness, environment tests, and contact angle measurements. A typical SEM image for the 
as-deposited amorphous DLC film (experiment no.1) is with smooth morphology as shown in Fig. 2. In addition, the 
48  C.R. Lin et al. / Physics Procedia 18 (2011) 46–50
DLC films after the environmental test contain hot and humid conditions showed the good reliability. This test 
program was carried out at values of relative humidity of 95%, at a temperature of 60 ć, and work time of 120 hrs 
as shown in Fig. 3. In comparison with the surface topography under various parameters of DLC films, the surface 
roughness value of DLC films has been obtained by AFM analysis.  The average roughness (Ra) of DLC films 
(experiment no.1) is 0.67 nm from AFM surface topography and with a scanning area 50×50 ȝm2 as shown in Fig. 4. 
This kind of lower roughness of the DLC films is originated from a smoothing effect due to the uniform surface 
caused by the major argon bombardment. Wetting ability was confirmed by contact angle measurements, which 
belonged to the sessile drop method. The purpose of this measurement is to confirm the DLC coatings with very low 
liquid interaction, in order to minimization their degradation in wet conditions. The value of contact angle could be 
obtained by the measurement of sessile drop. These results supposed an approach about the surface energy of DLC 
films. Thus, the highest hydrophobicity is realized at experiment no.1 with the lowest roughness values, as expected 
from the hydrophobic character of DLC films[7,8]. In all measured cases, the contact angle is higher than 75° as 
shown in Fig. 5. The sample (experiment no.1) shows the lowest wetting ability and with the maximum contact 
angle value of 84.53° by the sessile drop method.  
  
                      Fig.  2. SEM image is for the D263T glass substrate                    Fig.  3. SEM image is for the D263T glass substrate used in 
used in experiment no.1                                                             experiment no.1 after environment tests 
   
Fig. 4. AFM surface topography for planar views are for the DLC films (experiment no.1) with a scanning area (50ͪ50 Ӵm2), and the average 
roughness (Ra) value is 0.67 nm 
 
Fig. 5. Variations of the contact angle with all DLC samples, and the wetting ability was measured by the sessile drop method 
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4. Optical properties analysis 
Fig. 6 shows the transmittance of DLC films deposited for 3 and 4 hrs, and the corresponding film thickness are 
40 nm and 85 nm, respectively. The transmittance of DLC/D263T glass has a reducing tendency with increasing 
thickness. The transmittance of the sample (experiment no.1) is higher than the sample (experiment no.2). The 
transmittance of DLC films deposited under deposition time for 3 hrs is 77.57% with the absorption wavelength (Ȝ) 
ranged from 380 nm to 950 nm. The reflectance of the film is due to reduce transmittance with increasing thickness. 
Fig. 7 shows the refraction of the DLC films corresponded to Fig. 6. The reflectance of DLC film (experiment no.1) 
is always lower than the other sample (experiment no.2), and the refractivity is 15.32% for the films prepared in 
experiment no.2, which causes its average transmittance become nearly 72.17%. Above results show the 
transmittance reduced due to the increased refraction index. The reflection changes with refraction indicated the 
varied values of films and substrate, n and ns respectively. When the refraction index of substrate, ns, is higher than 
that of thin films, n, the resultant reflection will be reduced. In this study, the refraction index of D263T glass 
substrate, ns, is 1.52.  However, Breskin’s results [3] indicated that transmittance of DLC films could be controlled 
by varying the I /ID G ratio of DLC film structures. Fig. 8 shows the optical constants n and k versus wavelength for 
DLC films with different I /I  ratios. The refraction index of DLC films with a high I /ID G D G ratio showed the 
wavelength dependence and decreased from 1.74-1.90 at 400 nm to 1.72-1.76 at 950 nm, as shown in Fig. 8(a). For 
a constant wavelength, the extinction coefficient increases with  increasing I /I  ratio from 0.0012 for I /ID G D G of 1.72 
to 0.1143 for I /I of  1.61 at ӳ=600 nm, as shown in Fig. 8(b). D G 
  
Fig 6 Transmittance spectra for DLC films deposited on D263T glass           Fig 7 Reflectance spectra for DLC films deposited on D263T glass 
  
(a)                                                                                         (b) 
Fig. 8. The optical constants (a) n and (b) k of DLC films deposited by radio frequency (RF) magnetron sputtering onto D263T glass substrates 
with different I /I  ratios D G
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5. Conclusions
In this study, DLC films have been successfully deposited on D263T glass substrates at room temperature by 
magnetron sputtering. The value (1.72) of ID/IG ratio in Raman spectrum analysis reveals that the as-deposited DLC 
film has excellent structure and properties. The measurement of mechanical properties shows that the working 
pressure is critical for lowering process temperature. The mechanical behavior of DLC/D263T glass can be 
improved make its contact angle become greater than 84.53° and roughness less than 0.70 nm. The best visible light 
transmittance of 81% for the DLC/ D263T glass could be obtained with the condition of 1.5 mTorr pressure for 
deposited 3 hrs, which has the best mechanical properties. However, the average reflectance of all DLC films are 
lower than 16% for the absorption wavelength (Ȝ) ranged from 380 nm to 950 nm.   
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